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(54) Demodulated data decision device and method 



(57) The present invention relates to a demodulator 
which receives a signal transmitted via phase modula- 
tion or multivalue QAM modulation, and decides trans- 
mitted data based on the received signal. The present 
invention enhances a transmission-line estimate by 
using tentatively decided data symbols as pilot symbols 
and in estimating a transmission line without a decrease 
in accuracy of transmission-line estimate even when an 
error rate of the tentatively decided data symbols is 
increased. The demodulator includes a pilot-based 
transmission-line estimation unit (1-7) for estimating 
transmission-line characteristics by using pilot symbols. 
A tentative-data-decision unit (1-3) for tentatively decid- 
ing data symbols based on the pilot-based transmis- 
sion-line estimate. A data-based transmission-line 
estimation unit (1-3) for estimating the transmission-line 
characteristics by using the tentatively decided data. 
Weight-coefficient-multiplication units (1-5, 1-6) for mul- 
tiplying pilot-based and data-based transmission-line 
estimates by respective weights having a ratio therebe- 
tween varying in accordance with reliability of the tenta- 
tively ascertained data. A pilot&data-based trans- 
mission-line estimation unit (1-2) for obtaining a trans- 
mission-line estimate by averaging weighted transmis- 



sion-line estimates. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to demodulators which receive a signal transmitted via phase modulation or 
multi-value QAM modulation, and derive transmitted data from the received signal. The present invention particularly 
relates to a demodulator used in a receiver of a digital-data-transfer system which transfers data, digital audio signals, 
digital image signals, or the like. 

[0002] In the transfer of data, digital audio signals, digital image signals, or the like, symbol data representing binary 
io values or multi-values as digital data is transmitted as carrier-wave modulated signals. The symbol data arrives at a 
receiver via a transmission line, and demodulator of the receiver decides the symbol data as digital data. The decided 
data is output from the receiver. 

[0003] The transmitted signals suffer phase fluctuations as well as magnitude fluctuations because of interference 
from other communication and/or interference between paths along the transmission line on which a plurality of paths 
is are established. The transmitted signals thus can be distorted before arriving at the receiver. Further, the received sig- 
nals can further be distorted by noise inside the receiver. 

[0004] If the distortion of the received signals generated is large, the demodulator cannot ascertain the transmitted 
symbol data correctly, and ends up outputting incorrect digital data. In order to insure high-quality communication of dig- 
ital information, the demodulator needs to achieve higher reliability in deciding the symbol data, and needs to decrease 
20 data-error rates. 

[0005] Transmission of digital data is performed by transmitting a signal with a carrier wave thereof modulated in terms 
of its amplitude or phase in accordance with the digital data to be transmitted. When the transmitted signal is received, 
however, the actually received signal has distortion introduced along the transmission line. 

[0006] In consideration of this, a demodulator compensates for the distortion based on the estimation of characteris- 
es tics of the transmission line, and, then, decides the digital data from the amplitude or phase of the received data. The 
decided data is supplied as a demodulator output. A well-known method of estimating characteristics of the transmis- 
sion line includes transmitting predetermined pilot symbols and estimating the characteristics of the transmission line 
based on the received pilot symbols. This is disclosed in Seiichi Sampei, "Rayleigh Fading Compensation Method for 
16 QAM Modem in Digital Land Mobile Radio Systems", Transaction of the Institute of Electronics, Information and 
30 Communication Engineers,. Vol. J72-B-II. No. 1 , pp. 7-1 5 (1988), for example. 

[0007] The above-described transmission-line-estimation method based on use of pilot symbols transmits at least one 
of N symbols as a pilot symbol when transmitting the N symbols in one slot. In particular, one pilot symbol is inserted 
and transmitted as (N-1) data symbols. The receiver then uses the pilot symbol to estimate the characteristics of the 
transmission line. 

35 [0008] A complex envelope of a transmitted pilot symbol is denoted as (3+j • 3) , and a complex envelope characteristic 
(i.e., phasing distortion introduced during passage through the transmission line) is denoted as c(k). Further, a received 
complex base-band signal of the pilot symbol in the receiver is u(k), and a Gaussian white noise is represented as n(k). 
Then, the following relation is satisfied. 

40 u(k) = c(k) • (3+j • 3) + n(k) (1) 

[0009] On the receiver side, an operation as shown in the following (2) is performed on the received complex base- 
band signal u(k) by using the transmitted pilot symbol 3+j • 3, so as to obtain an estimate of the transmission line c A (k). 

45 c A (k)=ru(k)/(3+j-3) (2) 

= c(k) + n(k)/(3+j-3) 

[0010] When the data symbol transmitted from the transmitter is s(k) and the data symbol received at the receiver is 
r(k), then, the received data symbol r(k) under the effect of the transmission-line characteristic c(k) is represented by 
so the following. 

r(k) = c(k) • s(k) + n(k) (3) 

[0011] An operation as shown in the following (4) is performed on the received data symbol r(k) by using the trans- 
55 mission-line estimate c A (k), so as to obtain the received data symbol r A (k) having the effect of the transmission line 
removed therefrom. 

r(k) = r(k)/c A (k) (4) 
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[0012] Here. r A (k) is equal to the transmitted data symbol s(k) If the Gaussian white noise n(k) is zero. In this case, 
the receiver side can reconstruct the transmitted data symbol s(k) without any effect of the transmission line. 
[001 3] . The transmission-line estimate c A (k) becomes identical to the transmission-line characteristic c(k) if there is no 
Gaussian white noise n(k). Because of the effect of the Gaussian white noise n(k), however, there is a difference 

5 between the transmission-line estimate c A (k) and the transmission-line characteristic c(k). In consideration of this, the 
transmission-line estimate is obtained many times by using a plurality of pilot symbols, and an average is calculated to 
derive a transmission-line estimate that is highly accurate. Based on the highly accurate transmission-line estimate 
c A (k), which is obtained by averaging transmission-line estimates corresponding to the plurality of pilot symbols, a 
received data symbol is decided by removing the phasing deformation of the received data symbol through the opera- 

io Won as shown in the above equation. 

[0014] As described in the above, a plurality of pilot symbols are required for the averaging operation in order to raise 
accuracy of the transmission-line estimate c A (k). Namely, p pilot symbols are inserted each time (N-p) data symbols are 
transmitted in one slot, and p transmission-line estimates are then averaged. An area where the p pilot symbols occupy 
is referred to as a pilot block. 

15 [001 5] An increase in the number p of pilot symbols relative to the number N of transmitted symbols, however, results 
in a decrease in the number of symbols transmitted as digital data, thereby ending up decreasing a data-transfer rate. 
Because of this, the number p of the pilot symbols cannot be unconditionally increased. 

[0016] To cope with this situation, a CDMA demodulating device disclosed in Japanese Patent laid-open Application 
No. 10-51424 employs a scheme in which a weighted average is calculated with respect to estimates of a channel 
20 (transmission-line characteristic) after these estimates are obtained from pilot symbols contained in pilot blocks of a plu- 
rality of slots. Another scheme is to obtain an average between a channel estimate obtained from pilot blocks of a plu- 
rality of slots and an average of information symbols having polarization thereof corrected. 

[0017] The method of obtaining a weighted average of transmission-line estimates with respect to pilot blocks of a 
plurality of slots is accompanied by a processing delay until transmitted symbols of the plurality of slots are received. 
25 This is because the estimates of the transmission line are obtained after the pilot blocks of the plurality of slots are 
received. 

[0018] There is a need for an accurate estimation of the transmission line without increasing the number p of pilot 
symbols in one slot and without incurring a processing delay over the plurality of slots. To this end, data symbols placed 
between pilot symbols may be decided tentatively as digital data, and the transmission-line characteristics may be esti- 
30 mated from the decided data symbols by treating the decided data symbols as pilot symbols. This scheme brings about 
the same effect as increasing the number of pilot symbols, thereby enhancing an accuracy regarding the estimation of 
transmission-line characteristics. 

[001 9] In comparison to the transmission-line estimate obtained from known pilot symbols inserted on the transmitter 
side, when a transmission-line estimate is derived by using tentatively decided data symbols as pilot symbols, this esti- 
35 mate tends to be less reliable to an extend that the tentative ascertainment contains errors. When an error rate of the 
tentative decided data is large, the transmission-line estimate obtained from the tentatively decided data symbols may 
be even less reliable then before such data symbols are used. 

SUMMARY OF THE INVENTION 

40 

[0020] An object of the present invention is to provide a demodulator which can improve a transmission-line estimate 
by using tentatively decided data symbols as pilot symbols, and, at the same time, avoids degradation in accuracy of 
the transmission-line estimate when an error rate of the tentatively decided data symbols grows large. 
[0021 ] These and other objects are met by a demodulator according to the present invention which demodulates data 

45 symbols by estimating transmission-line characteristics from received pilot symbols. This includes a pilot-based trans- 
mission-line-estimation unit which estimate the transmission-line characteristics by using the pilot symbols. A tentative- 
data-decision unit which tentatively decides the data symbols based on a transmission-line estimate that is output from 
the pilot-based transmission-line-estimation unit. A data-based transmission-line-estimation unit which estimates the 
transmission-line characteristics by using tentatively decided data that is output from the tentative-data-ascertainment 

so unit. Multiplying units which multiply the transmission-line estimate output from the pilot-based transmission-line-esti- 
mation unit and a transmission-line estimate output from the data-based transmission-line-estimation unit by respective 
weights. A ratio between the weights varying in accordance with reliability of the tentatively decided data. A pilot&data- 
based transmission-line estimation unit which obtains a transmission-line estimate by avenging weighted transmission- 
line estimates output from the multiplying units. A final-data-decision unit which finally decides the data symbols by 

55 using the transmission-line estimate output from the pilot&data-based transmission-line-estimation unit. 

[0022] The demodulator is characterized in that the tentative-data-ascertainment unit outputs a signal indicative of 
reliability of the tentatively decided data based on a result of soft decision of the received data symbols. The multiplying 
unit which multiplies the transmission-line estimate output from the data-based transmission-line estimation unit by one 
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of the respective weights changes the one of the respective weights in accordance with the signal indicative of reliability 
of the tentatively decided data 

[0023] The demodulator is characterized in that the signal indicative of reliability of the tentatively ascertained data 
represents at least two different reliability levels, and the multiplying unit which multiplies the transmission-line estimate 

5 output from the data-based transmission-line estimation unit by the one of the respective weights makes step changes 
to the one of the respective weights in accordance with the signal representing the at least two different reliability levels. 
[0024] The demodulator is characterized by further comprising a transmission-mode-check unit which checks a trans- 
mission mode of digital-data-transmission signals, wherein the transmission-mode-check unit outputs a signal indica- 
tive of reliability of the tentative-data-ascertained data where the reliability varies depending on the transmission mode. 

10 The multiplying units use the respective weights having the ratio therebetween varying depending on the signal indica- 
tive of reliability of the tentatively decided data supplied from the transmission-mode-check unit. 
[0025] The demodulator is characterized by receiving and demodulating signals directed to other receivers or trans- 
mitted via other channels when the signals are transmitted from a single transmission source. The pilot-based trans- 
mission-line estimation unit, the data-based transmission-line estimation unit, and the multiplying units are provided 

15 with respect to each of a signal directed to a receiver of the demodulator and the signals directed to other receivers or 
transmitted via other channels. The pilot&data-based transmission-line estimation unit obtains a weighted avenge of 
the pilot-based transmission-line estimate in accordance with the reliability of the tentatively decided data with respect 
to all signals including the signal directed to the receiver of the demodulator and the signals directed to other receivers 
or transmitted via other code channels, thereby obtaining a transmission-line estimate. 

20 [0026] A demodulator which demodulates data symbols by estimating transmission-line characteristics from received 
pilot symbols, includes a pilot-based transmission-line estimation unit which estimate the transmission-line characteris- 
tics by using the pilot symbols. A first tentative-data-decision unit which tentatively decides the data symbols based on 
a transmission-line estimate that is output from the pilot-based transmission -line estimation unit A first data-based 
transmission-line estimation unit which estimates the transmission-line characteristics by using tentatively ascertained 

25 data that is output from the first tentative-data-ascertainment unit. First multiplying units which multiply the transmis- 
sion-line estimate output from the pilot-based transmission-line estimation unit and a transmission-line estimate output 
from the first data-based transmission-line estimation unit by respective weights, which are varied in accordance with 
reliability of the tentatively ascertainment data. A first pilot&data-based transmission- line estimation unit which obtains 
a transmission-line estimate by averaging weighted transmission-line estimates output from the first multiplying units. A 

30 second tentative-data-decision unit which tentatively decides the data symbols again based on the transmission-line 
estimate that is output from the first pilot&data-based transmission-line estimation unit. A second data-based transmis- 
sion-line estimation unit which estimates the transmission-line characteristics by using tentatively decided data that is 
output from the second tentative-data-decision unit. 

[0027] Second multiplying units which multiply the transmission-line estimate output from the pilot-based transmis- 
35 sion-line estimation unit, the transmission-line estimate output from the first data-based transmission-line estimation 
unit, and a transmission-line estimate output from the second data-based transmission-line estimation unit by respec- 
tive weights, which are varying in accordance with reliability of the tentatively ascertained data. A second pilot&data- 
based transmission-line estimation unit which obtains a transmission-line estimate by averaging weighted transmission- 
line estimates output from the second multiplying units, and a final -data -decision unit which finally decides the data 
40 symbols by using the transmission-line estimate output from the second pilot&data-based transmission-line estimation 
unit. 

[0028] The demodulator is characterized in that the first and second tentative-data-ascertainment units, the first and 
second data-based transmission-line estimation units, the first and second multiplying units, and the first and second 
pilot&data-based transmission-line estimation units perform tentative data decisions, estimation of the transmission-line 
45 characteristics based on the tentatively decided data. Multiplication of the respective weights, which are varied in 
accordance with reliability of the tentatively decided data or the respective weights varying in accordance with reliability 
of the tentatively decided data and depending on which stage is current. Estimation of the transmission-line character- 
istics based on the pilot and tentatively decided data, respectively, repeatedly over many stages. 

50 BRIEF DESCRIPTION OF THE DRAWINGS 



[0029] 



55 



Fig. 
Fig. 
Fig. 
Fig. 
Fig. 



1 is a block diagram showing a basic configuration of 

2 is a block diagram showing a basic configuration of 

3 is a block diagram showing a basic configuration of 

4 is a block diagram showing a basic configuration of 

5 is a block diagram showing a basic configuration of 



the first embodiment of the present invention; 
the second embodiment of the present invention; 
the third embodiment of the present invention; 
the fourth embodiment of the present invention; 
the fifth embodiment of the present invention; 
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Fig. 6 is a block diagram showing a basic configuration of the sixth embodiment of the present invention; 
Fig. 7 is a chart showing probability P(A/r) that data is correctly decided; 

Fig. 8 is a block diagram showing a receiver including a demodulator according to the present invention; 
5 Fig. 9 is a drawing showing functional blocks of the first embodiment of the present invention; 

Fig. 10 is a drawing showing functional blocks of the second embodiment of the present invention; 

Fig. 1 1 is a drawing showing functional blocks of the third embodiment of the present invention; 

Fig. 12 is a drawing showing functional blocks of an embodiment of the present invention when a pilot-exterpolation 

scheme is employed; 

10 Fig. 13 is a drawing showing functional blocks of the fifth embodiment of the present invention; and 
Fig. 14 is. a drawing showing functional blocks of the sixth embodiment of the present invention. 

DETAILED DESCRIPTION 

is [0030] Fig. 1 shows a basic configuration of a first embodiment of the present invention. Fig. 1 shows received sym- 
bols 1-1 of one slot, pilot symbols 1-1 a of the received symbols, data symbols 1-1b of the received symbols, a pilot- 
based transmission-line-estimation unit 1-2, a tentative-data-decision unit 1-3, a data-based transmission-line-estimi- 
nation unit 1-4, a first weight-coefficient-multiplication unit 1-5, a second weight-coefficient-multiplication unit 1-6, a 
pilot&data-based transmission-line-estimination unit 1 -7, and final-data-decision unit 1-8. 

20 [0031] The received symbols 1-1 contains N received symbols, which consists of p pilot symbols 1-1a and (N-p) data 
symbols 1-1b. The pilot symbols 1-1a are supplied to the pilot-based transmission-line-estimation unit 102. The pilot- 
based transmission-line-estimation unit 1 -2 obtains the transmission-line-estimate c A (k) by applying the operation of the 
equation (2), and then, supplies the estimate to the tentative-data-decision unit 1 -3f " ' 

[0032] The tentative-data-decision unit 1-3 applies the operation of the equation (4) to the data symbols 1-1b using 
25 the transmission-line-estimate c A (k), thereby eliminating the effect of the transmission line to tentatively decide the 
received data symbols as digital data. The tentatively decided data is then supplied to the data-based transmission -line- 
estimation unit 1 -4. 

[0033] Based on the tentatively decided data, the data-based transmission-line-estimation unit 1 -4 performs the same 
operation as that of estimating the transmission line based on the pilot symbols. Namely, the data-based transmission- 

30 line-estimation unit 1-4 obtains an estimate of the transmission line by using the received data symbols based on an 
assumption that the tentatively decided digital data is identical to actually transmitted data symbols. 
[0034] As previously described, the data decision operation of the tentative-data-decision unit 1-3 is not free from 
errors because of noise or the like. Because of this, the transmission-line-estimate output from the pilot-based trans- 
mission-line-estimation unit 1-2 is different from the transmission-line estimate output from the data-based transmis- 

35 sion-line-estimation unit 1-4 in terms of reliability thereof. Obviously, the transmission-line- estimate output from the 
pilot-based transmission -line-estimation unit 1-2 is more reliable in general. 

[0035] To take this reliability difference into consideration, the first weight-coefficient-multiplication unit 1 -5 is provided 
for the purpose of attaching a weight to the transmission-line-estimate when the estimate is output from the pilot-based 
transmission-line-estimation unit 1-2. Further, the second weight-coefficient-multiplication unit 1-6 is provided for the 

40 purpose of attaching a weight to the transmission-line-estimate when the estimate is output from the data-based trans- 
missiori-line-estimation unit 1-4. The weight attached by the first weight-coefficient-multiplication unit 5-1 is set to be 
greater then the weight attached by the second weight-coefficient-multiplication unit, i -6. The pilot&data-based trans- 
mission-line-estimation unit 1 -7 obtains an average of the weighted transmission-line-estimates so as to output a trans- 
mission-line-estimate that is more reliable and accurate. 

45 [0036] The transmission-line- estimate output from the pilot&data-based transmission-line-estimation unit 1-7 is sup- 
plied to the final-data-ascertainment unit 1-8. By using the transmission-line-estimate obtained as the weighted aver- 
age, the final-data-ascertainment unit 1 -8 eliminates the effect of the transmission line from the data symbols 1 -1b. and 
decides them as digital data. 

[0037] In this manner, the pilot symbols and the tentatively decided data symbols placed therebetween are used for 
so obtaining estimates of the transmission-line characteristics. Further, a weighted average is calculated from these esti- 
mates by attaching weights in accordance with the reliability of respective estimates. The transmission-line-estimate 
obtained in this manner is more accurate than that obtained by simply averaging these estimates. Based on this highly 
accurate estimate of the transmission line, the final-data-decision unit 1-8 demodulates data symbols, thereby enhanc- 
ing the reliability of the demodulated digital data. 
55 [0038] Fig. 2 shows a basic configuration of a second embodiment of the present invention. In this embodiment, the 
terrtative-data-decision unit 1-3 described in the first embodiment is configured such that a soft decision can be per- 
formed on the received data symbols. Thus, the reliability of the tentatively ascertained data is estimated based on the 
results of the soft decision, so that weights of transmission-line-estimates can vary according to the results of the soft 
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ascertainment. 

[0039] In Fig. 2, the same elements as those of Fig. 1 are referred to by the same numerals, and a description thereof 
will be omitted if it has been already given. The basic configuration of the second embodiment shown in Fig. 2 is such 
that a tentative-data-decision unit 2-3 includes a soft-decision unit 2-3a for carrying out a soft decision and a hard-deci- 
5 sion unit for carrying out a hard decision. Results of a soft decision supplied from the soft-decision unit 2-3a are used 
for changing coefficients (weighs attached to transmission-line-estimates obtained from tentatively ascertained data) in 
a second weight-coefficient-multiplication unit 2-6. 

[0040] The soft decision unit 2-3a decides data symbols by phase components thereof with threshold values. (In the 
case of QAM, amplitude components are also subjected to a comparison.) On the other hand, the hard-decision unit 2- 

10 3b decides data symbols by comparing phase components thereof with a threshold value without keeping the amplitude 
components thereof unchanged. (In the case of QAM, amplitude components are also subjected to a comparison). In 
this regard, the tentative-data-decision unit 1 -3 of the first embodiment may be of a type that carries out a hard decision. 
[0041] In what follows, a description will be given with respect to a relation between the amplitude components 
obtained from the soft decision of received data symbols and the reliability of the decision of the data symbols: Here, a 

15 QPSK signal will be used as an example. As a QPSK signal, data symbols A,B,C and D having four different phases 
are transmitted. The data symbols A.B.C and D have complex envelopes (1+j-1). (1-j*1), M+j*1). and (-1-j*1), 
respectively. 

[0042] If a signal r = (x+j • y) is received with a probability p(r), the probability p( r) is represented as: 

20 P( r) = P( r|A) • P(A) + P( r|B) • P(B) + P(r|C) • P(C) + P(r|D) ; P(D) (5) 

[0043] Here. P( r|A), P( r|B), P(r|C), and P(r|D) are conditional probabilities representing a likelihood of receiving the 
signal r under the condition that corresponding data symbols A, B, C and D are transmitted, respectively. P(A), P(B), 
P(C), and P(D) are probabilities that the data symbols A.B.C and D are transmitted, respectively. 
25 [0044] When the signal r is received, a probability P(A|r) that the transmitted symbol was A is represented by the fol- 
lowing equation (6). 

P(A|r) = P(r|A) • P(A)/P(r) (6) 

30 [0045] When the received signal r falls within such a category as is decided as a transmission data symbol A, this 
probability represents a likelihood of correctly deciding and demodulating data. 

[0046] Further, a probability P(B, C, D|r) represents a likelihood that a transmitted data symbol is other than A under 
the condition that the signal r = (x+j • y) falling within such a range as should be ascertained as a data symbol A is 
received. This probability P(B, C, D|r) is represented as follows: 

35 

P(B, C. D|r) = 1 - P(A|r) (7) 

[0047] The equation (7) gives a probability of having an incorrect data decision. When decided data is incorrect, a 
transmission-line estimate obtained from the incorrect decision data has a significant error (error from the real transmis- 
40 sion-line characteristic). In consideration of this, a larger weight is given to a received data symbol when this data sym- 
bol is likely to be decided correctly, and a smaller weight is given to a received data symbol when this data symbol is 
likely to be decided incorrectly. This provides a highly accurate transmission-line estimate. 

[0048] Here, it is assumed that the probabilities P(A), P(B), P(C), and P(D) representing a chance of transmitting 
respective data symbols A, B, C and D are equal to each other, and, thus, are V4. Further, it is assumed that the trans- 
45 mission line has Gaussian noise added thereto, and that a signal detection in complete synchronization is performed. 
Under these conditions, the probability P(A|r) of the received signal r = (x+j • y) being correctly decided is represented 
as follows: 

P(A|r) - a/(a + p + T + 8) (8) 

so 

a = M2na 2 ) • exp({(x-1) 2 +(y-1) 2 )/2a 2 J • (1/4) 
P = 1/(2na<) • exp({(x-1) 2 +(y-1);}/2a;) • (1/4) 
r = 1/(27ia 2 ) •exp({(x-1) 2 +(y-1) z }/2a z ) • (1/4) 
8 - 1/(2*0*) • exp({(x-1) 2 +(y^f}/2&>) • (1.4) 
55 a 2 ; variance of the noise 

[0049] The probability P(A|r) of a correct data decision as shown in the equation (8) is calculated with respect to a 
. case of a = 2 (corresponding to a case where Eb/No = 3 dB), and obtained results are shown in Fig. 7. Here, a 2 is a 
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noise variance. 

[0050] The abscissa of Fig. 7 is a real part x of the received signal r = (x+J • y) , and the ordinate is an imaginary part 
y thereof. In the figure, curves represent values x and y for which the probability P(A|r) of a correct data decision is 0.3, 
0.4, 0.5,0.6, 0.7, 0.8, and 0.9, respectively. As shown in the figure, the larger the values x or y, i.e.. the larger the ampli- 

5 tude components of the received symbol, the greater the probability P(A|r) of a correct data ascertainment. Although 
the figure shows only an area where both x and y are positive, the same trend is observed in other areas. 
[0051] Accordingly, reliability of the tentative data decision is estimated based on a position of the received signal 
r = (x+j • y) , which is obtained as a result of the soft decision. This allows a weight to a transmission-line estimate 
obtained from the tentatively decided, data to be varied based on the results of the soft decision. Namely, a variable 

io weight is attached to the transmission-line estimate in accordance with the reliability of the tentative data decision. This 
provides a highly accurate transmission-line estimate. 

[0052] Fig. 3 shows a basic configuration of a third embodiment of the present invention. In Fig. 3, the same elements 
as those of Fig. 1 and Fig. 2 are referred to by the same numerals. In Fig. 3, a soft-decision unit 3-3a decides whether 
the received data symbol has an amplitude component thereof exceeding a predetermined threshold value. Multiplica- 

15 tion units 3-61 , 3-62 have respective coefficients, which are set in advance. A switching unit 3-63 switches between the 
multiplication unit 3-61 and the multiplication unit 3-62, depending upon the result of soft decision. 
[0053] In the third embodiment of Fig. 3, the soft-decision unit 2-3a of the second embodiment shown in Fig. 2 is 
revised so as to check whether the received signal r = (x+j • y) belongs to an area where a data decision is likely to be 
incorrect, and outputs only a result of the check. In this configuration, a check is made only as to whether the received 

20 data symbol has an amplitude component thereof exceeding a predetermined threshold value. This simple check can 
provide an equivalently effective judgment in comparison with the check of the previous embodiment. 
[0054] In accordance with the check result,_the switching unit 3-63 switches between the multiplication unit 3-61 and 
the multiplication unit 3-62 so as to use either one of two predetermined weights as a multiplication factor. 
[0055] This embodiment is a simplified version of the second embodiment in a sense that the variable weight is clas- 

25 sified into two categories, and allows a device configuration to be. simplified while maintaining a highly accurate trans- 
mission-line estimate. As a demand for accuracy of the transmission-line estimate grows, the number of weight 
categories can be increased from two to three or more. Such a configuration permits a fine and gradual setting of a 
weight while maintaining a simplified configuration. 

[0056] Fig. 4 shows a basic configuration of a fourth embodiment of the present invention. In Fig. 4, the same ele- 
30 ments as those of Fig. 1 are referred to by the same numerals. In Fig. 4, a transmission-mode-check unit 4-9 checks a 
transmission mode of a digital-data-transmission signal. Multiplication units 4-5, 4-6 change weights in accordance with 
an output of the transmission-mode-check unit 4-9. 

[0057] In the fourth embodiment, the transmission-mode-check unit 4-9 is used for checking a mode of a digital-data- 
transmission signal, i.e., checking a ratio of the number of pilot symbols to the number of data symbols, checking a 
35 transmission bit rate, etc. Based on the result of the check, the multiplication unit 4-5 and the multiplication unit 4-6 
change a ratio of a weight attached to the transmission-line estimate derived from the pilots to a weight attached to the 
transmission-line estimate derived from the tentatively ascertained data. 

[0058] When the transmission mode indicates that a ratio of the number of the pilot symbols to the number of the data 
symbols is relatively large, the weight attached to the transmission-line estimate obtained from the pilot symbols in 
40 increased. Otherwise, this weight is decreased. In this manner, accuracy of the transmission-line estimate is kept at the 
optimal level. 

[0059] Further, when the transmission bit rate is relatively great, a weight attached to the transmission-line estimate 
derived from the tentatively decided data is decreased. This is aimed at countering the degradation of reliability of the 
tentatively ascertained data as this is caused in this case by a relatively small energy associated with one bit. In this 

45 matter, weights are varied in accordance with the type of the data-transmission mode since the data-transmission mode 
relates to the reliability of the tentatively ascertained data. This provides an accurate estimate of the transmission line. 
[0060] In what follows, a fifth embodiment of the present invention will be described. In the fifth embodiment, symbols 
transmitted from a transmission station may be received by a receiver regardless of whether these symbols are sent to 
the receiver or sent to other receivers and regardless of whether these symbols are sent via a pertinent code channel 

so or via other code channels. All of the symbols received in such a manner are used in order to enhance an accuracy of 
the transmission-line estimate. 

[0061] When digital data is transmitted from a transmission station and directed not only to a pertinent receiver but 
also to other receivers, or when digital data is broadcast to each mobile station, signals directed to the other receivers 
or transmitted via other code channels may be picked up by the pertinent receiver, and such signals must come through 
55 the same transmission line as long as these signals are sent from the single transmission source. These received sig- 
nals are used for obtaining a plurality of transmission-line estimates, which are then incorporated into the calculation of 
an average, thereby providing a more accurate estimate of the transmission line. 

[0062] Fig. 5 shows a basic configuration of a fifth embodiment of the present invention, in Fig. 5, the same elements 
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as those of Fig. 1 are referred to by the same numerals. In Fig. 5, reference numbers 5-1 through 5-6 are configured so 
as to attend to a process for estimating a transmission line with regard to signals directed to other receivers and signals 
transmitted via other code channels. 

[0063] In Fig. 5, received symbols 5-1 are included in one slot of a signal directed to another receiver or a signal trans- 
5 mitted through another code channel. Pilot symbols 5-1 a and data symbols 5-1 b are also included therein. A configu- 
ration of Fig. 5 also includes a pilot-based transmission-line-estimation unit 5-2, a tentative : data-decision unit 5-3, a 
data-based transmission-line estimation unit 5-4, a third weight-coefficient-multiplication unit 5-5, a fourth weight-coef- 
ficient-multiplication unit 5-6. and a pilot&data-based transmission-line estimation unit 5-7. The pilot&data-based trans- 
mission-line estimation unit 5-7 averages transmission-line estimates with respect to pilots and tentatively decides data 
10 when these estimates are obtained from the signal diriected to another receiver or the signal transmitted through 
another code channel. 

[0064] In Fig. 5, the elements having the reference numbers 1-1, 1-6 are the same as those shown in Fig. 1 or the 
like, and attend to a process for estimating a transmission line with regard to a signal directed to the receiver and trans- 
mitted via the pertinent channel. The elements having the reference numbers 5-1 , 5-6 perform the same process as that 
is performed by the elements 1-1,1-6 except that this process is directed to the signal directed to another receiver or the 
signal transmitted via another code channel. 

[0065] The pilot&data-based transmission-line estimation unit 5-7 obtains an avenge of the transmission-line esti- 
mates with respect to the signal directed to the receiver and transmitted via the pertinent code channel, and the signal 
directed to another receiver or transmitted via another code channel when these estimates are derived from the pilot 
20 symbols and the tentatively decided data. The averaging is carried out after attaching appropriate weights in the weight- 
coefficient- multiplication units 1-5, 1-6, 5-5, and 5-6 in accordance with reliability of the respective estimates. In this 
manner, a more accurate estimate of the transmission line can be obtained. 

[0066] Fig: 6 shows a basic configuration of a sixth embodiment of the present invention. In Fig. 6, the same elements 
as those of Fig. 1 are referred to by the same numerals. In Fig. 6, weight-coefficient-multiplication units 6-1, 6-2 attach 
25 weights by using one of the weighting schemes of the first through fifth embodiments previously described or by using 
a combination thereof, Outputs of the weight-coefficient-multiplication units 6-1, 6-2 are supplied to a pilot&data-based 
transmission-tine estimation unit 6-3, where a weighted average of these outputs is calculated to provide a transmis- 
sion-line estimate in the like manner as in the previous embodiments. 

[0067] The transmission-line estimate is then used by a second-stage tentative-data-decision unit 6-4 to conduct a 
30 second tentative decision. Tentatively decided data is then output from the second-stage tentative-data-decision unit 6- 

4, and is used by a second-stage data-based transmission-line estimation unit 6-5 to obtain another transmission-line 
estimate. 

[0068] The transmission-line estimate output from the second-stage data-based transmission-line estimation unit 6- 
5 is weighted by a second-stage weight-coefficient (W 3 ) -multiplication unit 6-6. The pilot&data-based transmission-line 
35 estimation unit 6-3 then obtains a weighted avenge of the transmission-line estimates supplied from the pilot-based 
transmission-line estimation unit 1-2, the data-based transmission-line estimation unit 1 -4, and the second-stage data- 
based transmission-line estimation unit 6-5 by using respective weights, thereby providing a new transmission-line esti- 
mate. 

[0069] The new transmission-line estimate output from the pilot&data-based transmission-line estimation unit 6-3 is 
40 used by a final-data-ascertainment unit 6-7 to carry out a final decision of received data symbols. The results of the final 
decision are supplied as the output of the demodulator. 

[0070] In the embodiment of Fig. 6, a tentative decision of data and subsequent estimation of the transmission line 
based on the tentatively decided data are each performed twice. The tentative decision data and the estimation of the 
transmission-line based oh the tentatively decided data may be repeated many times to further enhance accuracy of 
45 the transmission-line estimation. 

[0071 ] Fig. 8 shows a configuration of a receiver including a demodulator according to the present invention. Fig. 8 
shows an antenna 8-1, a high-frequency circuit 8-2, a local oscillator 8-3, a 90° -phase shifter 8-4, multiplying units 8- 

5, analog-to-digital converters 8-6, memories 8-7, and a demodulator 8-8. 

[0072] A signal received by the antenna 8-1 is detected with respect to each orthogonal component thereof by the 
so local oscillator 8-3, the 90° -phase shifter 8-4, and the multiplying units 8-5. Here, the 90° -phase shifter 8-4 shifts a 
phase of a signal by 90° when this signal is supplied from the local oscillator 8-3. The detected signals are then con- 
verted into digital signals by the analog-to-digital converters 8-6. After symbols of the digital signals for one slot are 
stored in the memories 8-7, these symbols are demodulated by the demodulator 8-8. 

[0073] The demodulator 8-8 applies software-based signal processing to the digital signals stored in the memories 8- 
55 7 so as to demodulate the data. Digital signals ant(j) stored in the memories 8-7 are used as parameters, and a demod- 
ulation function rxslot( ) is called up to activate a demodulation program, thereby performing a demodulation process. 
[0074] In the demodulation process, demodulated data, which is decided based on the digital signals ant(j) serving 
as a parameter, is stored in parameter rdatafl). This marks the end of the demodulation program. By replacing the 
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demodulation function rxslot( ), the demodulation process can be switched to that of one of the first to sixth embodi- 
ments of the present invention so as to introduce weights into the demodulation process. 

[0075] Fig. 9 shows functional blocks of the first embodiment according to the present invention. The signal received 
by the antenna is supplied to despreading units 9-1 as a complex array antfl). the despreading units 9-1 are provided 

5 for corresponding paths of the multiplexed transmission line, and apply despreading by using codes seq.,(j), seq 2 (j), and 
so on having different timings. As a result, base-band received symbols X^ (i), X 2 (i), and so on are obtained as outputs. 
[0076] Some of the received symbols Xi(i), X 2 (i) are pilot symbols. For example, symbols with suffix i of 0 through 3, 
i.e., the first four symbols, may be pilot symbols. Pilot-based transmission-line estimation units 9-2 obtain transmission- 
line estimates Fp 1t Fp 2 , and so on, respectively, each of which is an avenge obtained over two or more pilot symbols. 

10 [0077] Complex conjugates (*)of the pilot-based transmission-line estimates Fp-j , Fp 2l and so on are multiplied by the 
data symbols X-,(i), X 2 (i), and so on, respectively, by multiplying units 9-3. Results of the multiplications are subjected 
to rake-diversity by combining unit 9-4 so as to generate a temporary rake-synthesis signal X temp (i). 
[0078] A tentative-decision unit 9-5 compares the temporary rake combined signal X temp (i) with a threshold value so 
as to supply tentatively decided data rdata temp (i) which is then directed to dividing units 9-6. The dividing units 9-6 

is divide the data symbol X^ (i), X 2 (i), and so on by the tentatively-ascertained data rdata temp (i). Further, averaging units 
9-7 obtain an average over a plurality of data symbols to supply averaged transmission-line estimates Fd 1f Fd 2 , and so 
on. 

[0079] The pilot-based transmission-line estimates Fp 1( Fp 2 , and so on and the data-based transmission-line esti- 
mates Fd-, , Fd 2 , and so on are multiplied by respective weights W 1 , W 2 by a first weight-coefficient-multiplication unit 9- 

20 8 and a second weight-coefficient-multiplication unit 9-9. respectively. Weighted-average units 9: 10 then obtain accu- 
rate transmission-line estimates F 1( F 2 , and so on based on the weighted transmission-line estimates. 
[0080] Complex conjugates (*) of the transmission-line estimates F 1f F 2 , and so on output from the weighted -avenge 
units 9-1 are multiplied by the data symbols X^i), X 2 (i), and so on, respectively, by multiplying units 9-1 1 . Results of the 
multiplications are subjected to rake-diversity combining by a combining unit 9-12 so as to generate a rake-combined 

25 signal X(i) with a threshold value so as to supply finally decided data, which is output as demodulation data rdata(i). 
[0081] In this manner, the pilot-based transmission-line estimates are provided with the weight W 1p and the data- 
based transmission-line estimate are given the weight W 2 (W 1 > W 2 ) in order to produce a weighted average. This pro- 
vides accurate transmission-line estimates , F 2 , and so on in accordance with reliability of the tentatively decided 
data. 

30 [0082] Fig. 10 shows functional blocks of the second embodiment according to the present invention. In Fig. 10, the 
same functional elements as those of Fig. 9 are referred to by the same numerals, and a description thereof will be omit- 
ted. A configuration of Fig. 10 differs from that of Fig. 9 in a tentative-decision unit 10-5 as well as first and second 
weight-coefficient-multiplication units 10-8 and 10-9. 

[0083] The tentative-decision unit 1 0-5 functions in the same manner as the tentative-decision unit of Fig. 9 to output 
35 the tentatively decided data rdata temp (i). Further, the tentative decision unit 10-5 performs a soft decision with respect 
to the received data symbols X^i), X 2 (i), and so on, and outputs a signal r re , indicative of a reliability of the tentatively 
decided data (i.e., a probability P(A|r) of a correct decision based on the amplitude components of the soft decision. 
[0084] The first weight-coefficient-multiplication unit 10-8 has a fixed weight (e.g., 1 as in this example), and the sec- 
ond weight-coefficient-multiplication unit 10-9 has a weight W 2 which varies in accordance with the signal r re | indicative 
40 of a reliability of the tentatively decided data. In this manner, a ratio of the weight attached to the pilot-based transmis- 
sion-line estimate to the weight attached to the data-based transmission-line estimate is changed according to the reli- 
ability of the tentatively decided data, so that the weighted-average units 9-10 can provide more accurate transmission- 
line estimates. 

[0085] Reliability can differ for each data symbol. In consideration of this, the second weight-coefficient- multiplication 
45 units 1 0-9 are provided at a stage prior to the avenging units 9-7, so that each data symbol is provided with a respective 
weight before the avenging operation. 

[0086] Fig. 11 shows functional blocks of the third embodiment according to the present invention. In Fig. 11, the 
same functional elements as those of Fig. 10 are referred to by the same numerals, and a description thereof will be 
omitted. A configuration of Fig. 1 1 differs from that of Fig. 10 in that a reliability decision unit 1 1-14 is provided at the 
so soft-decision output of the tentative-decision unit 10-5, and in that the second weight-coefficient-multiplication units 1 1 - 
9 are provided. 

[0087] In the embodiment of Fig. 1 1 , reliability of the tentatively decided data (i.e., the probability (A|r) of a correct 
decision) is obtained based on amplitude components obtained from the soft decision by the tentative-ascertainment 
unit 10-5. This operation is the same as that of Fig. 10. In the configuration of Fig. 1 1 , however, the reliability decision 
55 unit 11-14 does not obtain a value of the reliability (P(A|r). The reliability decision unit 11-14 checks whether the relia- 
bility (P(A|r)) of the tentatively decided data is larger than a predetermined value (e.g., 0.5), and outputs a result of the 
check. 

[0088] The second weight-coefficient-multiplication units 1 1 -9 operates differently, depending on the output of the reli- 
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ability decision unit 11-14. When the reliability (P(A|r)) of the tentatively decided data is larger than the predetermined 
value (e.g., 0.5), the weight W 2 is set to a relatively large value. Otherwise, the weight W 2 is set to a relatively small 
value. As specific examples of values of the weight W 2 , the relatively large value may be set to 1 , and the relatively small 
value may be set to 0, thereby reducing the computation load of the weight operation. 

5 [0089] The embodiments described above are related to a system of a pilot-insertion type in which pilot symbols are 
transmitted along with data symbols by using time-division multiplexing, the present invention is equally applicable to 
a system of a pilot-exterpolation type in which pilot symbols are transmitted by using different codes from those of data 
symbols and using code-division multiplexing. Even in such a system, pilots and tentatively ascertained data may be 
used, and weights are attached in accordance with reliability, thereby providing an accurate estimate of the transmis- 

io sion line. 

[0090] Fig. 12 shows functional blocks of an embodiment of the present invention when a pilot-exterpolation scheme 
is employed. A signal received by an antenna is supplied to data-symbol despreading units 1 2-1 1 and pilot despreading 
units 12-12 as a complex array ant(j). The data-symbol despreading units 12-1 1 and the pilot despreading units 12-12 
are provided for corresponding paths of the multiplexed transmission line, and apply despreading by using data-symbol- 

15 despreading codes seqd^). seqd 2 (j) and pilot-symbol -despreading codes seqp 1t seqp 2 (j) respectively, all of 

which have different timings from each other. As a result, base-band received data symbols X^i), X 2 (i), and so on as 
well as pilot symbols P^i), P 2 (i), and so on are obtained as outputs. 

[0091 ] In this manner, codes to be subjected to the despreading include despreading codes regarding data symbols 
(data channels) and despreading codes regarding pilot symbols (pilot channels). Except this, the embodiment directed 
20 to the pilot-exterpolation scheme has the same functional blocks as the first embodiment of the present invention shown 
in Fig. 9. A description of this embodiment will be thus a duplicate of what has been already described, and will be omit- 
ted. 

[0092] By the same token, the second and third embodiments having functional blocks shown in Figs. 10 and 11, 
respectively, can be easily modified so that they can be applied to the pilot-exterpolation scheme based on the code- 
25 division-multiplexing pilot channel. In this manner, the present invention is applicable not only to a communication 
scheme in which pilot signals are multiplexed via time division but also to a communication scheme in which pilot sig- 
nals are code-division multiplexed. 

[0093] A fourth embodiment of the present invention is not shown in a figure as functional blocks. Parameters of the 
fourth embodiment supplied to a demodulator include not only an array of a signal received by an antenna but also a 

30 mode of data transmission regarding signals to be received. These parameters control what codes are used for 
despreading and what positions the pilot symbols have. As. previously described, reliability of the tentatively decided 
data varies depending on the types of the data-transmission modes. In consideration of this, weights attached to pilot- 
based transmission-line estimates and data-based transmission-line estimates need to be switched in accordance with 
the mode of data transmission. A function to achieve this is provided in this embodiment. 

35 [0094] Fig. 13 shows functional blocks of the f ifth embodiment according to the present invention. In Fig. 1 3, the same 
elements as those of Fig. 9 are referred to by the same numerals, and a description thereof will be omitted if it has been 
already given. A configuration of Fig. 13 differs form that of Fig. 9 in that a signal directed to another receiver or trans- 
mitted through another code channel is supplied to a despreading unit 13-1. The despreading unit 13-1 applies 
despreading by using despreading codes seqYQ) to generate based-band signals Yi(i), • • • , which are directed to 

40 another receiver or transmitted through another code channel, are supplied to the functional blocks similar to those pre- 
viously described to obtain pilot-based transmission-line estimates and data-based transmission-line estimates. A third 
weight W 3 is then attached to the pilot-based transmission-line estimate that is derived from the signal directed to 
another receiver or transmitted through another code channel, and a fourth weight W 4 is attached to the data-based 
transmission-line estimate. A weighted-average unit 1 3-1 0 obtains a weighted average of these estimates, thereby pro- 

45 viding a reliable transmission-line estimate. 

[0095] Fig. 14 shows functional blocks of the fifth embodiment according to the present invention. In this figure, a 
prior-stage demodulation unit 14-1 decides received data by employing weights used in the first to fifth embodiment 
shown in Fig. 9 through Fig. 13, respectively, or by employing a combination of these weights. 
[0096] The prior-stage demodulation unit 14-1 supplies received symbols Xi(i), X 2 (i), and so on, pilot&data-based 

so transmission-line estimates F 1t F 2 , and so on, pilot-based transmission-line estimates Fp-,, Fp 2 , and so on, and finally 
decided data rdata(i). Based on the finally decided data rdata(i), dividing units 14-2 and avenging units 14-3 obtain 
data-based transmission-line estimates Fd 1t Fd 2 , • • • . Here, the finally decided data of the prior-stage demodulation 
unit 14-1 is treated as tentatively-decided data at a subsequent stage. 

[0097] The data-based transmission-line estimates Fd 1f Fd 2 . • • • are multiplied by a weight W 3 . The pilot&data- 
55 based transmission-line estimates F 1t F 2 , • • • that are supplied from the prior-stage demodulation unit 14-1 are mul- 
tiplied by a weight W 2 . Further, the pilot-based transmission-line estimate Fp 1t Fp 2 , • • • that also come from the prior- 
stage demodulation unit 14-1 are multiplied by a weight W v Here, these weights are provided in accordance with the 
reliability. A weighted-avenge unit 14-4 obtains a weighted average of these estimates to generate pilot&data-based 
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transmission-line estimates F 1§ F 2 , • • • . Complex conjugates (*) of the newly generated transmission-line estimates 
F 1( F 2 , • • ■ are multiplied by the received symbols X-,0), X 2 (i). • • • by multiplying units 14-5. Results of the multipli- 
cations are subjected to rake-diversity synthesis by a synthesizing unit 14-6. A final-decision unit 14-7 then attends to 
a final decision of data, thereby producing demodulated data rdata(i) as an output. 

5 [0098] The demodulated data rdata(i) of the final-decision unit 14-7 is then treated as finally decided data rdata(i) of 
the prior-stage demodulation unit 14-1, and the same procedure as described above is recursively repeated many 
times, thereby achieving many stages of tentative data decisions and transmission-line estimation. This enhances 
accuracy of the transmission-line estimates and the decided data. 

[0099] Further, a different method may be employed for determining weights in accordance with the reliability of the 
io tentatively decided data at each stage. Namely, an error rate of the tentatively decided data with respect to the finally 
decided data is obtained at each stage by comparing the tentatively decided data with the finally decided data. The 
error rate of the tentatively decided data is then derived from an error rate of the finally decided data when this rate is 
obtained by simulation or the like, thereby providing a reliability measure. 

[0100] As described above, the present invention estimates transmission-line characteristics by using tentatively 
15 decided data symbols as well as pilot symbols. Because of this, the present invention can obtain an accurate transmis- 
sion-line estimate without a need to increase the number of pilot symbols or without incurring a delay amounting to 
more than one slot. Further, since a weighted avenge is obtained by changing weights attached to the pilot-based trans- 
mission-line estimates and the data-based transmission-line estimates in accordance with the reliability of the tenta- 
tively decided data, accuracy can be further enhanced with regard to an average obtained from the pilot&data-based 
20 transmission-line estimates. 

[0101] Accordingly, the present invention can demodulate data symbols by using a highly accurate transmission-line 
estimate, making it less likely to have demodulated data suffering an error in digital data communication. This achieves 
high-quality digital-data communication. 

25 Claims 

1 . A demodulator for demodulating data symbols by estimating transmission-line characteristics from received a pilot 
symbol, comprising: 

30 a pilot-based transmission-line-estimation unit for estimating the transmission-line characteristics by using the 

pilot symbol; 

a tentative-data-decision unit for tentatively deciding the data symbols based on a transmission-line estimate 
that is output from said pilot-based transmission-line estimation unit; 

a data-based transmission-line estimation unit for estimating the transmission-line characteristics by using ten- 
35 tatively decided data output from said tentative-data-decision unit; 

multiplying units for multiplying the transmission-line estimate output from said pilot-based transmission-line 
estimation unit and a transmission-line estimate output from said data-based transmission-line estimation unit 
by respective weights; 

a pilot&data-based transmission-line estimation unit for obtaining a transmission-line estimate by averaging 

6 weighted transmission-line estimates output from said multiplying units; and 

a final-data decision unit for finally deciding the data symbols by using the transmission-line estimate output 
from said pilot&data-based transmission-line estimation unit. 

2. The demodulator of claim 1 , wherein the respective weights of said multiplying units have a ratio varying in accord- 
45 ance with reliability of the tentatively decided data. 

3. The demodulator of claim 1 , wherein said tentative-data-decision unit includes a soft-decision unit for providing a 
signal indicative of reliability of the tentatively decided data based on a result of a soft decision of the received data 
symbols. 

50 

4. The demodulator of claim 3, wherein one of the respective weights of said multiplying unit is changed in accord- 
ance with the signal indicative of reliability of the tentatively decided data. 

5. The demodulator of claim 3, wherein the signal indicative of reliability of the tentatively decided data represents at 
55 least two different reliability levels. 

6. The demodulator of claim 5, wherein one of the respective weights are step changed in accordance with the signal 
representing the at least two different reliability levels. 
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7. The demodulator of claim 1 , further comprising a transmission-mode-check unit for checking a transmission mode 
of digital-data-transmission signals, wherein said transmission-mode-check unit outputs a signal indicative of relia- 
bility pf the tentatively decided data where the reliability varies depending on the transmission mode, and the 
respective weights of said multiplying units have a ratio varying depending on the signal indicative of reliability of 

5 the tentatively decided data supplied from the transmission-mode-check unit. 

8. The demodulator of claim 1 , wherein by receiving and demodulating signals directed to other receivers or transmit- 
ted via other code channels when the signals are transmitted from a single transmission source, said pilot-based 
transmission-line estimation unit, data-based transmission-line estimation unit, and said multiplying units are pro- 

io vided with a signal directed to a receiver of said demodulator and the signals directed to other receivers or trans- 
mitted via other code channels, and wherein said pilot&data-based transmission-line estimation unit obtains a 
weighted average of the pilot-based transmission-line estimation and the data-based transmission-line estimate in 
accordance with the reliability of the tentatively decided data with respect to all signals including the signal directed 
to the receiver of said demodulator and the signals directed to other receivers or transmitted via other code chan- 

15 nels, thereby obtaining a transmission-line estimate. 

9. A demodulator for demodulating data symbols by estimating transmission-line characteristics from received a pilot 
symbol, comprising: 

20 a pilot-based transmission-line-estimation unit for estimating the transmission-line characteristics by using the 

pilot symbol; 

a first tentative<Jata-decision unit for tentatively deciding the data symbols based on a transmission-line esti- 
mate that is output from said pilot-based transmission-line estimation unit; 

a first data-based transmission-line estimation unit for estimating the transmission-line characteristics by using 

25 tentatively decided data output from said first tentative-data-decision unit; 

first multiplying units for multiplying the transmission-line estimate output from said pilot-based transmission- 
line estimation unit and a transmission-line estimate output from said first data-based transmission-line estima- 
tion unit by respective weights, in accordance with reliability of the tentatively decided data; 
a first pilot&data-based transmission -line estimation unit for obtaining a transmission-line estimate by avenging 

30 weighted transmission-line estimates output from said first multiplying units; and 

a second tentative-data-ascertainment unit for tentatively deciding the data symbols again based on the trans- 
mission-line estimate that is output from said first pilot&data-based transmission-line estimation unit; 
a second data-based transmission-line estimation unit for estimating the transmission -line characteristics by 
using tentatively decided data output from said second tentative-data-ascertainment unit; 

35 second multiplying units for multiplying the transmission-line estimate output from said pilot-based transmis- 

sion-line estimation unit, the transmission-line estimate output from said first data-based transmission-line esti- 
mation unit, and a transmission-line estimate output from said second data-based transmission-jine estimation 
unit by respective weights varying in accordance with reliability of the tentatively decided data; 
a second pilot&data-based transmission-line estimation unit for obtaining a transmission-line estimate by 

40 avenging weighted transmission-line estimates output from said second multiplying units; and 

a final-data-decision unit for finally deciding the data symbols by using the transmission-line estimate output 
from said second pilot&data-based transmission-line estimation unit. 

10. The demodulator of claim 9, wherein said first and second tentative-data-decision units, said first and second data- 
45 based transmission-line estimation units, said first and second multiplying units, and said first and second 

pilot&data-based transmission-line estimation units perform tentative data decision, estimation of the transmission- 
line characteristics based on the tentatively decided data, multiplication of the respective weights varying in accord- 
ance with reliability of the tentatively decided data or the respective weights varying in accordance with reliability of 
the tentatively decided data and depending on which stage a current stage is, and estimation of the transmission- 
s' line characteristics based on the pilot and tentatively decided data 

1 1 . A method for demodulating data symbols by estimating transmission-line characteristics from received a pilot sym- 
bol, the method comprising the steps of: 

55 estimating the transmission-line characteristics by using the pilot symbol to produce a first transmission line 

estimate; 

tentatively deciding the data symbols based on the first transmission-line estimate to produce tentatively 
decided data; 
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estimating the transmission-line characteristic by using the tentatively decided data to produce a second trans- 
mission line estimate; 

multiplying the first and second transmission-line estimate by respective weights to produce weighted trans- 
mission line estimates; 

5 averaging the weighted transmission-line estimates to produce a third transmission-line estimate ; and 

finally deciding the data symbols by using the third transmission-line estimate. 

12. The method of claim 11, wherein the respective weights have a ratio varying in accordance with reliability of the 
tentatively decided data. 

10 

13. The method of claim 1 1 , wherein the tentatively deciding the data symbols includes a soft decision for providing a 
signal indicative of reliability of the tentatively decided data. 

14. The method of claim 13, wherein one of the respective weights is changed in accordance with the signal indicative 
is of reliability of the tentatively decided data. 

1 5. The method of claim 1 3, wherein the signal indicative of reliability of the tentatively decided data represents at least 
two different reliability levels. 

20 1 6. The demodulator of claim 15, wherein one of the respective weights are step changed in accordance with the signal 
representing the at least two different reliability levels. 

17. The method of claim 11, further comprising a step of checking a transmission mode of digital-data-transmission 
signals and providing a signal indicative of reliability of the tentatively decided data where the reliability varies 
25 depending on the transmission mode, and the respective weights have a ratio varying depending on the signal 
indicative of reliability of the tentatively decided data supplied. 
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mission-line estimation unit (1-7) for estimating trans- 
mission-line characteristics by using pilot symbols. A 
tentative-data-decision unit (1 -3) fortentatively deciding 
data symbols based on the pilot-based transmission- 
line estimate. A data-based transmission-line estima- 
tion unit (1-3) for estimating the transmission-line char- 
acteristics by using the tentatively decided data. Weight- 
coefficient-multiplication units (1-5, 1-6) for multiplying 
pilot-based and data-based transmission-line estimates 
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ying in accordance with reliability of the tentatively as- 
certained data. A pilot&data-based transmission-line 
estimation unit (1 -2) for obtaining a transmission-line es- 
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mates. 
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